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Background:  Ultrasonography  has  become  an  investigation  of  choice  in the  management  of  shoulder
pain.  The  objective  of this  study  was  to determine  whether  the  efﬁcacy  of subacromial-subdeltoid  bursa
injection  correlated  with  the ultrasound  ﬁndings.
Material and methods:  We  prospectively  recruited  patients  who  were  seen  between  November  2012
and  November  2013  for subacromial  pain  and  whose  rotator  cuff  was  either  intact  or  showed  a  full-
thickness  tear  less  than 1 cm  in  length.  A standardised  physical  examination  of the  shoulder  was  followed
immediately  by  static  and  dynamic  ultrasonography,  intra-bursal  injection  of lidocaine,  and  a  repetition
of  the  same  physical  examination.  Recorded  ultrasonography  features  were  the appearance  of the  bursa,
shape of  the  coraco-acromial  ligament,  and  bursal  deformation  induced  by  passage  under  the  coraco-
acromial  ligament  during  dynamic  imaging.  A  response  to the  injection  was  deﬁned  as  greater  than  75%
improvements  in  at least  three  of the  physical  examination  parameters.
Results:  We  included  39  patients  with  a mean  age  of  56.7  years.  Ultrasonography  showed  abnormalities
of  the  bursa  in  30 patients,  including  1 with  an  intra-bursal  effusion,  10  with  thickening,  and  19 with  both.
Deformation  of  the  bursa under  the  coraco-acromial  ligament  was  noted  in 26  patients.  The  proportions
of  patients  with  bursal  effusion  and  with  bursal  thickening  were  similar  in the  20 responders  and  19
non-responders.  Neither  were  any  signiﬁcant  differences  found  for  coraco-acromial  ligament  shape  or
bursal deformation  under  the  ligament.
Conclusions:  No  correlation  was  found  between  ultrasonography  ﬁndings  and  the  efﬁcacy  of  a  local anaes-
thetic  injection  into  the  subacromial  bursa.  These  ﬁndings  suggest  that  ultrasound  abnormalities  may
constitute  mere  physiological  changes,  in  keeping  with  earlier  studies  in  asymptomatic  individuals.  Thus,
subacromial  impingement  may  be currently  overdiagnosed.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
The pathophysiology of subacromial impingement, a condition
nitially described by Neer [1], is controversial. Contact between the
uperﬁcial aspect of the rotator cuff and undersurface of the coraco-
cromial arch seems to occur in the normal shoulder. Abnormal
ontact may  occur under some circumstances, however, a condi-
ion known as subacromial impingement, of which pain is the main
ymptom. The characteristics of this pain remain unclear and have
een variably described. Thus, Cummins et al. [2] reported pain
t the antero-lateral aspect of the shoulder that was exacerbated
y activities requiring arm elevation above the head. McFarland
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.et al. [3] reported pain in the deltoid region exacerbated by resisted
abduction. Henkus et al. [4] also reported that patients experienced
pain in the deltoid region but were able to lie down on the involved
side. Finally, Neer [1] deﬁned the pain of subacromial impingement
as occurring during the Neer manoeuver. The main tests used to
diagnose subacromial impingement are the Neer, Hawkins et al. [5],
and Yocum [6] tests, all of which are sensitive but lack speciﬁcity.
To better characterise the pain of subacromial impingement,
Gerber et al. [7] conducted a study in healthy volunteers involving
saline injections into the subacromial space and acromio-clavicular
joint. Saline injection into the subacromial space induced pain at
the antero-lateral aspect of the shoulder extending to the mid
and anterior portions of the deltoid muscle and to the antero-
lateral edge of the acromion, i.e., in the distribution of the C6
sclerotome. None of the volunteers experienced posterior shoulder
pain.
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Table 1
Ultrasound features of the subacromial-subdeltoid bursa in responders and non-responders to an intra-bursal injection of lidocaine and corticosteroid.
Normal bursa Thickening only Effusion only Both thickening and effusion Total
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•Responders 6 5 
Non-responders 3 5 
Total  9 10 
The structure in which the pain originates remains unclear. A
eurohistological study by Soifer et al. [8] showed that the number
f free nerve ﬁbres typical for pain generation was greatest within
he subacromial-subdeltoid bursa.
Given this considerable variability in descriptions, pain due to
ubacromial impingement is usually deﬁned as pain that responds
o a subacromial injection of local anaesthetic, in accordance with
he test initially described by Neer [1].
Considerable advances have been achieved in the ﬁeld of ultra-
onography, which allows a static and dynamic evaluation of
he subacromial space. Ultrasonography can detect abnormalities
n the subacromial-subdeltoid bursa, rotator cuff ligaments, and
hape of the coraco-acromial ligament. By acquiring images dur-
ng movements, contact and deformation of various structures can
e assessed. Abnormalities of the bursa, which is the structure
ost likely to generate pain, may  help to predict the efﬁcacy of
ubacromial injection therapy. Nevertheless, bursal abnormalities
ave been reported in asymptomatic individuals, suggesting adap-
ation of the bursa to friction under normal conditions [9,10]. Thus,
hether static and/or dynamic ultrasonography abnormalities of
he subacromial space correlate with the effectiveness of subacro-
ial injection therapy that has not been convincingly established.
The objective of this prospective study was to evaluate corre-
ations between subacromial space ultrasonography ﬁndings and
he response to an intra-bursal injection of local anaesthetic. Our
orking hypothesis was that alleviation of subacromial pain by an
njection of local anaesthetic correlated with the presence of bursal
bnormalities by ultrasonography.
. Material and methods
Patient management in this prospective study was patterned
fter standard care in our centre. Informed consent of the patients
o the use of their data for research purposes was obtained in com-
liance with the Declaration of Helsinki issued by the World Health
ssociation. Patients were recruited between November 2012 and
ovember 2013.
We included patients who reported shoulder pain of at least
 months’ duration involving at least the deltoid region and who
onsented to a subacromial injection. Exclusion criteria were a his-
ory of surgery on the shoulder; shoulder calciﬁcations, instability,
nd/or infection; gleno-humeral joint disease; frozen shoulder syn-
rome; and rotator cuff tears longer than 1 cm.  Included patients
ollowed the chain of care used in standard practice at our centre.
The ﬁrst step consisted in a standardised physical examination
f the shoulder, whose components are listed below:
evaluation of pain intensity using a visual analogue scale (VAS)
before any manoeuvers on the shoulder;
ﬁve widely used manoeuvers: hand-to-mouth, hand-to-head,
hand-to-back, hand-to-nape of neck, and hand-to-contralateral
shoulder; the patient indicated which manoeuver was most
painful and evaluated the intensity of the pain on the VAS;
palpation of the acromio-clavicular joint; anterior, mid, and pos-
terior portions of the subacromial space; and inter-tubercular
groove; the patient indicated which site was most painful and
evaluated the intensity of the pain on the VAS;1 8 20
0 11 19
1 19 39
• passive motion ranges in forward elevation, elevation in the plane
of the scapula, external rotation with the elbow by the side (ER1),
internal rotation with the elbow by the side (IR1), external rota-
tion with the arm elevated to 90◦ (ER2), and internal rotation with
the arm elevated to 90◦; the patient indicated which movement
was  most painful and evaluated the intensity of the pain on the
VAS;
• active ranges of motion in the same directions; the patient indi-
cated which movement was  most painful and evaluated the
intensity of the pain on the VAS;
• evaluation of the rotator cuff using the lift off test [11], belly-
press test [12], strength in RE1 [13], palm-up test [14], and Jobe
manoeuvre [15]; the patient indicated which movement was
most painful and evaluated the intensity of the pain on the VAS;
• four subacromial impingement manoeuvers: Neer [16], Hawkins
[5], Yocum [6], and cross arm [17]; the patient indicated which
movement was  most painful and evaluated the intensity of the
pain on the VAS.
The patients then went to the ultrasonography suite. Ultra-
sonography was performed to assess the subacromial bursa
(normal, effusion, thickening), shape of the coraco-acromial lig-
ament (ﬂat or convex), and deformation of the coraco-acromial
ligament over the bursa and cuff on dynamic images. Lidocaine
was injected into the bursa under ultrasound guidance according
to the following protocol. The patient lay comfortably in the supine
position with a cushion under the head. The skin was cleansed
and a drape with a hole over the injection site was put in place.
The ultrasound probe was  placed in a sterile plastic sheath and
positioned along the longitudinal axis of the supraspinatus, at the
antero-lateral corner of the acromion. A syringe was  ﬁlled with 5 mL
of 1% lidocaine. The needle was inserted under the antero-lateral
corner of the acromion, along the axis of the probe, and the nee-
dle trajectory was  monitored. The target needle-tip position was
not the subacromial space but the subdeltoid portion of the bursa,
which was  clearly visible on the ultrasonogram. Gentle pressure
was applied to the syringe plunger until the contents were seen
to ﬂow into the bursa on the ultrasound images (usually obtained
without any effort to depress the plunger). After the administration
of 5 mL  of lidocaine, a vial of 3.75 mg  cortivazol (Altim®, Sanoﬁ-
Aventis, Paris, France) was injected.
Ten minutes later, the evaluation performed before the injection
was repeated. Responders were deﬁned as patients with at least
75% improvements on the VAS pain scores for at least three groups
of manoeuvres.
We included 39 patients, 27 females and 12 males with a mean
age of 56.7 years. The rotator cuff lesions were as follows:
• full-thickness tears less than 1 cm in length, n = 8;
• partial tears in the articular aspect of the cuff, n = 3;
• tendinopathy with no tears, n = 28.Of the 39 patients, 12 were receiving workers’ compensation
beneﬁts for the shoulder disorder.
Associations between response status and ultrasound ﬁndings
were assessed using the chi2 test.
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Table  2
Ultrasound features of the coraco-acromial ligament (CAL) in responders and non-
responders to an intra-bursal injection of lidocaine and corticosteroid.
Convex CAL Flat CAL Non-assessable CAL Total
Responders 8 11 1 20
Non-responders 5 12 2 19
Total 13 23 3 39
Table 3
Ultrasound features during dynamic manoeuvres in responders and non-responders
to  an intra-bursal injection of lidocaine and corticosteroid.
CAL snapping SASDB deformity Total
Responders 2 11 20
Non-responders 4 13 19
Total 6 24 39
CAL: coraco-acromial ligament; SASDB: subacromial-subdeltoid bursa.
Fig. 1. Thickening of the subacromial-subdeltoid bursa measured by ultrasonogra-
phy.
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Fig. 2. Longitudinal view through the coraco-acromial ligament.
[23] gave a detailed description of subacromial bursitis, stating that
the bursa was abnormal if its thickness was at least equal to that
of the humeral head cartilage and if it contained ﬂuid. Girish et al.. Results
The ultrasound images showed that all injections accurately tar-
eted the bursa. Of the 39 patients, 20 were classiﬁed as responders
nd 19 as non-responders. Tables 1–3 report the abnormalities in
he bursa, shape of the coraco-acromial ligament, and deforma-
ion of the coraco-acromial ligament over the bursa and cuff during
ynamic imaging in responders and non-responders.
Numerous morphological abnormalities were found by ultra-
onography. Of the 39 patients, 30 had abnormal ultrasonography
ndings, with a bursal effusion in 20 cases and bursal thickening in
9 cases (Fig. 1). Deformation of the subacromial-subdeltoid bursa
uring dynamic manoeuvres was noted in 24 cases.
The coraco-acromial ligament was considered ﬂat in 23 cases
Fig. 2) and convex in 13 cases. A snapping motion of the bursa
uring dynamic manoeuvres was noted in 6 cases.
The appearance of the rotator cuff was considered normal in 29
ases. A full-thickness tear less than 1 cm in length was  seen in 7
ases (Fig. 3) and a partial-thickness tear in the articular aspect of
he cuff in 3 cases.
No signiﬁcant correlations (P > 0.05) were found between the
resence of ultrasound bursal abnormalities and a response to the
ntra-bursal injection. Neither was response status associated with
he shape of the coraco-acromial ligament or deformation of the
oraco-acromial ligament during dynamic manoeuvres.Fig. 3. Full-thickness tear of the supraspinatus measuring less than 1 cm in length.
4. Discussion
Our results show that the pattern of pain classically ascribed
to subacromial impingement does not correlate with the detec-
tion by ultrasonography of abnormalities in the subacromial space,
including bursal effusion, bursal thickening, coraco-acromial lig-
ament shape, and coraco-acromial ligament deformation during
dynamic manoeuvres.
Thus, the source of subacromial pain is unclear. Deﬁnitions vary
across authors. Except for the study by Gerber et al. in healthy
volunteers [7], no sound evidence is available on which to base a
deﬁnition of subacromial pain. Few data have been reported on
the ultrasound appearance of the subacromial-subdeltoid bursa
and the possible contribution of this structure to pain at the tip
of the shoulder. The review by De Beer and Bhatia [18] of the
use of ultrasonography to assess shoulder disorders describes a
number of disease states but does not provide information on the
appearance of the bursa in patients with subacromial pain. Accord-
ing to a systematic review of imaging studies for shoulder pain
performed by Dinnes et al. [19], the main role for ultrasonogra-
phy lies in the evaluation of rotator cuff tears. Shahabpour et al.
[20] assessed the cost/efﬁcacy ratio of diagnostic investigations for
shoulder pain but again focussed on rotator cuff lesions without
providing data on involvement of the subacromial bursa. Pap-
atheodorou et al. [21] and Martinoli et al. [22] sought to deﬁne
the role for ultrasonography in the diagnostic strategy for shoulder
pain. Both studies indicate that ultrasonography is chieﬂy useful
to rule out rotator cuff lesions, and neither provides clear conclu-
sions about the bursa or coraco-acromial ligament. Finally, Teefey
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10], in contrast, reported that 96% of asymptomatic individuals
ad ultrasound abnormalities and, more speciﬁcally, that 78% had
hickening of the bursa.
Daghir et al. [9] compared a population of patients with subacro-
ial impingement to a population of healthy volunteers. Rotator
uff thickness was not signiﬁcantly different between these two
opulations. Similarly, no difference in bursal abnormalities was
ound between responders and non-responders to an intra-bursal
njection. All these data are in agreement with the results of our
tudy, in which none of the variables correlated with the response
tatus.
Chen et al. [24] evaluated the efﬁcacy of ultrasound-guided
ubacromial injections but included only patients with bursal
bnormalities by ultrasonography. Contreras et al. [25] sought to
dentify clinical predictors of a response to a subacromial corticos-
eroid injection. None of the factors studied was clearly associated
ith a response. In a prospective study of the targeting accuracy
f subacromial injections, Yamakado [26] established the impor-
ance of using image guidance: thus, injection into the bursa was
chieved in only 70% of cases without image guidance. Similarly,
ang et al. [27] and Henkus et al. [28] reported that only 70% to
6% of injections accurately targeted the subacromial bursa. Molini
t al. [29] provided a detailed description of the injection proce-
ure under ultrasound guidance, underlining both the accuracy and
he simplicity of this method but providing no information on the
ltrasound features of the bursa. Thus, ultrasonography is useful
s a non-irradiating and non-invasive tool for accurately targeting
he bursa. These data conﬁrm our ﬁnding that the use of ultrasound
uidance consistently results in injection into the bursa. Neverthe-
ess, Dogu et al. [30] found no increase in accuracy with ultrasound
uidance compared to un-guided injection by an experienced oper-
tor.
Seagger et al. [31] described a one-stop strategy for manag-
ng shoulder pain, in which patients were evaluated by a surgeon,
nderwent diagnostic ultrasonography, and received a therapeutic
njection if appropriate during the same clinic visit. Ultrasonogra-
hy was performed by the surgeon using a portable machine. This
trategy saved time for the patient, decreased the number of visits,
nd resulted in cost savings of about 200 £ per patient.
Thus, ultrasonography provides information on the condition
f the cuff and bursa but cannot establish a relationship between
ny abnormalities and the pain. Nevertheless, ultrasonography
mproves the management of patients with shoulder pain, most
otably by decreasing the time to treatment and cost of care.
. Conclusion
Ultrasonography is becoming an everyday tool in modern clini-
al shoulder surgery, both for diagnosing lesions and for performing
njections. Nevertheless, the ultrasound ﬁndings cannot determine
he exact source of subacromial pain. Instead, ultrasonography is
hieﬂy useful for ruling out rotator cuff lesions. Thus, we believe
hat ultrasonography provides a valuable contribution to the man-
gement of shoulder pain when combined with a thorough and
igorous physical examination. A therapeutic test consisting of
n ultrasound-guided intra-bursal injection is, in our opinion,
 mandatory component of the therapeutic armamentarium for
houlder pain. However, the efﬁcacy of the injection cannot be
redicted based on the ultrasound ﬁndings.isclosure of interest
The authors declare that they have no conﬂicts of interest con-
erning this article.
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